. Schematic illustration of charge carrier relaxation in semiconducting nanoparticles and the pump-probe scheme for monitoring the carrier dynamics. The long solid line with upward arrow indicates excitation and the short solid lines with upward indicate probe of the conduction band, shallow and deep trap states, and valence band, respectively. The curved lines with downward arrows indicates different relaxation process: (1) electronic relaxation within the conduction band, (2) trapping into shallow trap (ST) and deep trap (DT) states and further trapping from ST to DT, (3) band edge electron-hole recombination, (4) trapped electron-hole recombination, (5) exciton-exciton annihilation. 
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Absorption of a single photo (green arrow) with energy ≥ g produces a single electron-hole pair independent of . In this case, the photo energy in excess of the energy gap is dissipated as heat by exciting phonon (blue arrow). (b) carrier multiplication (CM) via impact ionization. A high-energy conduction-band electron excited by a photon loses its energy by transferring it via the Coulomb interaction to a valence-band electron, which is excited across the energy gap to produce a secondary electron-hole pair. 
